Taste stimulation of the mouth induces various oral movements. Sucrose or salt solution induces rhythmical jaw movements (RJM) or tongue protrusion as an ingestive behavior. Bitter taste induces a gaping or tongue retraction as an aversive behavior. There is no report that describes the precise pattern of jaw movements induced by taste stimulation. The purpose of the present study is to clarify the pattern of the taste-induced RJM with elec tromyographic activities of the masticatory muscles in the anesthetized rat. When water was injected into the mouth of the rat, an RJM was induced. In this type of RJM, the lower jaw swung right and left side in each open-close cycle alternately. The anterior digastric muscle was active in every opening phase, while activities of the jaw closing muscles were generally weak. The RJM induced by water was opening-dominant movements. Sucrose or salt solution induced a similar pattern of RJM to water-induced RJM. When acetic acid was injected, amplitude of the alternate lateral jaw movement was significantly larger than that in the water-induced RJM. The activity of the superficial temporalis muscle was large in those closing phases with ipsilateral side movement, while it was small in the closing phases with contralateral movement. The pattern of quinine-induced RIM was characterized by small lateral, large open-close and large antero-posterior movements. Tastes which are re ported to induce ingestive behavior such as sweet or salty don't alter the pattern of RJM; however, the tastes which induce aversive behavior make the pattern of RJM different from the water-induced RJM.
Mastication is important at the first stage of the diges tive process of food so that its constituent nutrients can efficiently be absorbed. In this stage, food is cut, crushed and ground by teeth and is formed into a bolus that can be swallowed. To accomplish this, complex three-di mensional jaw movements are required. The essential rhythm and pattern of these complex jaw movements are thought to be generated by the central pattern gen erator (CPG) in the brainstem (1, 2) , which can be mod ulated by peripheral oral sensory informations (3) . Since the texture of food in the mouth differs moment by moment in the masticatory process, it is necessary to adjust the essential rhythm and pattern of jaw move ments mainly by oral mechano-sensory information. Taste information is also very important to induce or modulate oro-facial movements. Steiner reported that when he gave various taste solutions to newborn in fants, the infants showed different oro-facial expres sions for different taste stimuli (4) . For example, sweet taste solutions with sucrose evoked expressions of "re laxation and acceptance", whereas bitter taste solutions with quinine evoked expressions of "rejection". Various oro-facial movements are reported to be induced by taste stimuli in the rat (5, 6) . Sucrose, NaCl and HCl so lutions induced rhythmical jaw movements (RJM) and rhythmic tongue protrusion as an ingestive behavior, while quinine induced a gaping or tongue retraction as an aversive behavior. However, the above-mentioned studies analyzed oro-facial movements only visually. To examine the movements more precisely, it is necessary to use more sophisticated way of measurements. Yamamoto et al. have examined tongue movements in duced by taste stimuli with measurements of elec tromyographic (EMG) activities of masticatory muscles (7) . In the present study, we, therefore, recorded and analyzed both three-dimensional RJM and EMG activi ties of the masticatory muscles during oral stimulations with various taste stimuli and distilled water, and exam ined taste modulation of jaw movements in the rat.
MATERIALS AND METHODS
Experiments were performed using 7 male Wistar rats (body weight: 320-520g) that were obtained from a local breeder (Seiwa experimental animals, Ltd., Yoshitomi, Japan). Animals were maintained on a 12h light-dark cycle, and were given free access to food and water. Guiding principles for the care and use of ani mals in the physiological sciences, as outlined by the Physiological Society of Japan, were followed carefully. The animals were anesthetized with urethane (250mg/kg, i.p.) and pentobarbital (Nembutal, Abbott, North Chicago, IL, USA, 40mg/kg, i.p. The following solutions were made for taste stimula tion: sucrose (10, 30, 100, 300mM), NaCl (30, 100, 300, 1,000mM), acetic acid (1, 3, 10, 30, 100mM) and quinine-HCl (1, 3, 10, 30mM). Distilled water or the taste solution was injected into the rat's mouth (0.1-0.2mL) through a polyethylene tube attached to a 1mL syringe by hand. After examining the effect of an injection of taste solution, the rat's mouth was washed by 1mL of distilled water at least 3 times. A pair of for ceps with the tips tightly wrapped in cotton was used for an intra-oral mechanical stimulation. The mechani cal stimulation to the mouth often evoked RJM. Jaw movements were monitored by recording the movements of the LED in the vertical, horizontal and sagittal axes with a photodiode transducer system. Each recording of jaw movements and EMG activity was am plified and fed to a polygraph system (RM-6000, Nihon Kohden, Tokyo, Japan) and stored in a data recorder (RP-892, NF, Yokohama, Japan). The recordings were replayed so that the movements and EMG activities could be drawn on paper and analyzed with a personal computer system. The duration of a single cycle during RJM was measured as the interval between the maxi mum openings of two consecutive cycles in the RJM. A single cycle was further divided into three phases: early slow opening, late fast opening and closing phases on the basis of directional change of the movement in the vertical component. Data acquired during 5 consecu tive stable RJM cycles were averaged.
Student's t-test or Welch test was used to investigate differences between means of the elements of RJM such as frequency or amplitude in three directions. p<0.05 was considered statistically significant.
RESULTS
Injecting distilled water into the mouth of rat evoked of distilled water into the mouth. Intra-oral sensory re ceptors may be activated mechanically by water injec tion and the tactile signal conveyed to the brainstem is thought to activate the CPG. The amplitude of lateral movement in the water-induced RJM was very small. The jaw movements accompanied by licking may be added to the RJM produced by activation of the CPG. Rhythmical digastric activities during the opening phase may lead to the jaw opening rhythmically. The superficial masseter muscles were silent throughout the cycle. This muscle is considered to be involved in the lat eral movement of the mandible according to the run ning course of the muscle fibers, The small amplitude of the lateral movement may be due to the silence of this muscle.
Except that for 1M NaCl, patterns of RJM for sucrose and NaCl were not largely different from that for dis tilled water. In response to 1M NaCl, it has already been reported that rats show aversive behavior including a gaping (5, 7) . In the present study, we confirmed this and found that RJM was not induced in the cases of taste stimulation with high concentrations of NaCl and quinine. The CPG may be suppressed by peripheral sen sory inputs with such strong aversive taste stimuli (7) . Acetic acid induced the RJM that has large alternate lateral movements with activation of the superficial temporalis muscles. It is possible that acid may act as a nociceptive (painful) stimulant. Therefore, nociceptive sensory inputs may participate in provoking this type of RJM. Consistently, it has been reported that capsaicin, a typical nociceptive stimulant, induced similar RJM pat terns characterized by large lateral movements (13) . It was difficult to determine one reliable threshold for this type of RJM because the thresholds measured during the experiment varied moment by moment. This may have been due to unstable anesthetic levels and general conditions of the rat. We could not find a clear concen tration-response (amplitudes of the lateral movement) relationship within the concentration range tested in the present study.
In the case of quinine-HCl injection, the pattern of in duced RJM was characterized by small lateral, large open-close and large antero-posterior movements. A gaping as an aversive movement (5, 7) may be added to the RJM. The superficial temporalis muscles, which were active in acid-induced RJM and probably were re sponsible for the alternate lateral movement, were silent in the quinine-induced RJM in which the lateral movement was very small.
In conclusion, the present study demonstrated that taste stimulation modulates the pattern of RJM. Ingestive stimuli such as sweet or moderately salty taste solutions induced the pattern of RJM which is similar to that evoked by stimulation with water, whereas aversive taste stimuli such as bitter and sour solutions provoke different patterns of RJM which were characterized by larger and slower movements. Stronger aversive stimuli such as high concentrations of quinine and NaCl in duced a gaping in addition to the RJM or without pro voking the RJM.
